

PROBLEM 11.1 

The niotion oí a partióle is defined by the reiation x = 1.5/ 4 — 30 + 5/4- 10, where x and t are expressed in 
meters and secón ds, lespectively. Determine the position, the velocity, and the acceleration of the partid e 
when / = 4 s. 


SOLUTION 



Given: 

JC = 1 . 5 / 4 -30r 2 + 5/ + 10 



v = ^W-60/ + 5 

dt 

a = — = 18/ 2 -60 

dt 


Evaiuate expressions at t = 4 s. 

x = 1 .5(4) 4 — 30(4) 2 + 5(4)+ 10 = -66 m 

x = -66.0 m 4 


v = 6(4) 3 - 60(4) + 5 = 149 m/s 

v — 149.0 m/s 4 


a - 1 8(4) 2 - 60 = 228 m/s 2 

a = 228.0 m/s 2 4 
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PROBLEM 11.2 


The motion of a partióle is defmed by the relation x = 12í 3 - 18í 2 +2í + 5, where x and t are expressed in 
meters and seconds, respectively. Determine the position and the velocity when the acceleration of the partióle 
is equal to zero. 


SOLUTION 


Given: 

x = 12r 3 -18/ 2 +2t + S 


v — —— — 3 6t 2 — 36t + 2 

dt 

a = ~ = 72t ~36 
dt 

Find the time for a = 0. 

72/ - 36 = 0 => / = 0.5 s 

Subslitute into above expressions. 


x = 1 2(0.5) 3 - 1 8(0.5) 2 + 2(0.5) + 5 = 3 x = 3.00m ◄ 


v = 3ó(0.5) 2 - 36(0.5) + 2 

— —~j jyi/s v ~ — 7.00 m/s ^ 
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PROBLEM 11.3 

5 5 

The motion oí a particJe is defíned by the relation x = + where x and t are expressed in 

feet and seconds, respectively, Determine the time, the position, and the acceleration when v = 0. 


SOLUTION 



We have 

x = ~í i -~t 2 -30í + 8 

3 2 


Then 

dx „ 9 

v = — = 5r -5/-30 
dt 


and 

a = — = 10í -5 

dt 


When v = 0: 

5t 2 -5/-30 = 5 (/ 2 -t- 6 ) = 0 


or 

t = 3 s and t - -2 s (Reject) 

t = 3.00 s 4 

At t = 3 s: 

*3=f(3) 3 -|(3) 2 -30(3) + 8 

or jc 3 = —59.5 ft ◄ 


II 

O 

u> 

í 

or o 3 = 25.0 ft/s 2 4 
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PROBLEM 11.4 

The motion of a particle is defmed by the relation x = 6t 2 - 8 + 40 eos nt, where x and t are expressed in 
inches and seconds, respectively. Determine the position, the velocity, and the acceleration when ( = 6 s. 


SOLUTION 




We have 

x = 6t 2 —8 + 40 eos nt 



Then 

dx 

v = — = 1 2í - 40/r sin nt 

dt 



and 

dv t 

a = — = 12 -40?r eos nt 

dt 



At / = 6 s: 

x b = 6(6) 2 -8 + 40 eos 6n 

or 

x 6 = 248 in. -4 


v 6 = 12(6) - 40;r sin 6 n 

or 

v 6 = 72.0 in./s M 


a 6 = 1 2 - 40 n 2 eos 6 n 

or 

a 6 =-383 in./s 2 -4 
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PROBLEM 11.5 

The motion of a partí ele is defined by the relation x — 6/ 4 — 2/ 3 — 1 2/ 12 + 3/ + 3, where x and t are exp ressed in 
meters and seconds, respectívely. Determine the time, the position, and the velocity when a = 0, 
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PROBLEM 11.6 

The motion of a particle is defined by the relation x = 2/ 3 -15r + 24/ + 4, where x is expressed in meters 
and i in seconds. Determine (a) when the velocity is zero, (b) the position and the total distance traveled when 
the accderation is zero. 
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PROBLEM 11.7 

The motion of a partióle is defíned by the relation x ~ t* — 6 1 2 — 36í — 40, where x and t are exprés sed in feet 
and seconds, respectively. Determine (a) when the velocity is zero, (b) the velocity, the acceleration, and the 
total distance traveled when x = 0. 


SOLUTION 



We have 

x = t 3 -6t 2 -36? -40 


Then 

v = — = 3/ 2 -12í-36 

dt 


and 

dv 

a — -12 

di 


(a) When v = 0: 

3t 2 -12í~36 = 3(í 2 4? — 1 2) — 0 


or 

(/ + 2)(t - 6) = 0 


or 

t - -2 s (Reject) and t — 6 s 

t = 6.00 s ◄ 

(. b ) When x = 0: 

t 3 ~6t 2 -36/ -40 = 0 


Factoring 

(/ - 1 0)(? + 2){t + 2) = 0 or / = 10 s 


Now observe that 

0^¿<6 s: v<0 



6s<¿^10 s: v>0 


and at t = 0: 

x 0 = -40 ft 


t — 6 s: 

x 6 = (6) 3 ~ 6(6) 2 - 36(6) - 40 



= -256 ft 


r = 10 s: 

v )0 = 3(1 0) 2 — 1. 2(1 0) — 36 

or y |0 = 144.0 ft/s ◄ 


0,0 = 6(10) -12 

[=="■ — i 1 

— — 1 Lv 

-isutt -4o*t o * 

(loS) Wrt OOS> 

or a 0 = 48.0 ft/s 2 -4 

Then 

| jc 6 -Jc 0 | = j-256- (-40)| = 216 ft 
jc, 0 - x 6 = 0 - (-256) = 256 ft 


Total distance traveled = 

(216 + 256) 11 = 472 ft 

◄ 
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PROBLEM 11.8 

The motion of a particle is defined by the relation x - / J - 9( 2 + 24/ - 8, where .v and t are expressed in inches 
and seconds, respectively. Determine ( a ) when the velocity is zero, ( b ) the position and the total distance 
traveled when the acceleration is zero. 


SOLUTION 


We have 

x~P - 9 1 2 + 24/ - 8 

Then 

v = — = 3/ 2 -18/ + 24 

dt 

and 

dv , 

a ~ — = 6/~18 

dt 

O 

íi 

53 

si 

s 

3 

3/ 2 — 1 8/ + 24 — 3(/ 2 - 6/ + 8) = 0 

or 

(/ - 2)(/ - 4) = 0 


or / = 2.00s and / = 4.00s A 


(b) When a~0\ 6/- 18 = 0 or / = 3s 


At / = 3 s: 

x 3 = (3) 3 - 9(3) 2 + 24(3) - 8 

First observe that 0 < / < 2 s : 

v>0 

2 s</^3 s: 

v < 0 

Now 


At / = 0: 

jc 0 - -8 in. 

At t = 2 s: 

x 2 = (2) 3 - 9(2) 2 + 24(2) - 8 = 


t 


a 

i VI 

1 

i 

r ™ 

-fctM. O ton». ttírt. 

w i**) a*> 


Then * 2 - x 0 = 1 2 - (-8) = 20 in. 

|jc 3 -x 2 | = |10-12| = 2 in. 

Total distance traveled = (20 + 2) in. = 22.0 in. 


or Xj = 10.00 in. A 


◄ 
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PROBLEM 11.9 

The acceleration of a partícle is defined by the relation a = ~ 8 m/s 2 . Knowing that x = 20 m when t = 4 s and 
that x — 4 m when v = 16 in/s, determine (a) the time when the velocity is zero, (b) the velocity and the total 
distante traveled when / = 1 1 s. 


SOLUTION 



We have 

— = 0 = -8 m/s 2 



dt 


Then 

Jc/v = J-8 dt + C C = constant 


or 

v = -8r + C (m/s) 


Also 

dx a 

— = v = -8/ + C 



dt 

&X (•( 


At í = 4 s, jc = 20 m: 

L^l^ + c)d, 


or 

x - 20 = [-4t 2 +Cl]' 4 


or 

x — -4 1 2 + C(t - 4) + 84 (m) 


When v - 1 6 m/s, x -4 m : 

1 6 = -8/ + C=s>C~16 + 8r 



4 = ~4í 2 +C(t- 4) + 84 


Combining 

0--4/ 2 + (16 + 8r)(r-4) + 80 


Simplifying 

2 2 - 4/ + 4 = 0 


or 

t = 2 s 


and 

C - 32 m/s 

v = -8 1 + 32 (m/s) 

x = -4 1 2 + 32f-44(m) 


(a) When v-0: 

-8/ + 32 = 0 

or t- 4.00 s -4 

(6) Velocity and dislance at 1 1 s. 




v, , = -(8)(1 1) + 32 

v, , = -56.0 m/s ^ 

> 

ii 

o 

x 0 = -44 m 


¿ - 4 s: 

x 4 = 20 m 


r = l 1 s: 

x, , = -4(1 1) 2 + 32(1 1) - 44 = -1 76 m 
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PROBLEM 11.9 (Continued) 


Now observe that 


0<¿<4s: v > 0 
4 s < / ^ 1 1 s: v<0 


Then 


-nv»w 


-MW» 


~pj 

mLm^L 


J J V 

o v&tii*' 


JC 4 - * 0 “ 20 ™ (-44) = 64 m 
|x n — jc 4 [ — | — 176 — 20| = !96 m 


Total distance traveled = (64 + 1 96) m = 260 m 


◄ 
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PROBLEM 11.10 


The acceleration of a partióle is directly proportional to the square of the time t . When i = 0, the partióle is 
at x - 24 m. Knowing that at t - 6 s, x = 96 m and v~ 18 m/s, express x and v in terms of t. 
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PROBLEM 11.11 


The acceleration of a particle is directly proportional to the time /. At í = 0, the velocity of the particle 
is v = 1 6 ín./s. Knowing that v = 1 5 in./s and that x - 20 in. when t = 1 s, determine the velocity, the position, 
and the total distance traveled when í = 7s. 


SOLUTION 



We have 

a-kt k- constan! 


Now 

dv , 

— = a-kt 
di 


At / = 0, v = 16 in./s: 

\ V dv= f ‘ktdt 

Jl6 JO 


or 

v-16 = -U/ 2 

2 


or 

v = 16 + —-¿í 2 (in./s) 


At / = 1 s, v = 15 in./s: 

15 in./s = 16 in./s + -t/r{Is) 2 


or 

k = in./s 3 and v = 16-/ 2 


Also 

dx , ? 

— 6-r 

di 


At t — l s, * = 20 in.: 

£¿¿c= l'o 6-t 2 )dí 


or 

r i T 

jc — 20= 16/ — / 3 

L 3 J, 


or 

1 i 13,. \ 

x = — r + 16/ + — (m.) 

3 3 


Then 



At t = 7 s: 

v 7 = 1 6 - (7) 2 

or v 7 =-33.0 in./s 4 


' v7= 4 (7)3+16(7)+ f 

or x 1 = 2.00 in. A 

When v = 0: 

16 ~t 2 =0 or / = 4 s 
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PROBLEM 11.13 

The acceleration of a partióle is defined by the relationa = A-6t 2 , where A is a constant. At t- 0, the 
particle starts at x — 8 m with v = 0. Knowing that at t = 1 s, v = 30 m/s, determine ( a ) the times at which the 
velocity is zero, (6) the total distance traveled by the particle when / = 5 s. 


SOLUTION 


We have 

a = A - 6/ 2 A — constant 

Now 

dv , - 2 

— = a = A — 6t ¿ 

dt 

> 

11 

O 

II 

o 

J dv- | (A-6t 2 )dt 

or 

v = At~ 2/ 3 (m/s) 

At / = 1 s, v-30 m/s: 

30 = zt(l)-2(l) 3 

or 

A — 32 m/s 2 and v = 32 / — 2/ 3 

Also 

~-v = 32/ - 2/ 3 

dt 

At 

jTfl¡c= j‘p2t-2l 3 )dt 

or 

x = 8 + 16/ 2 — — t A (m) 

2 

(a) When v = 0: 

32/- 2/ 3 = 2/(16 -/ 2 ) = 0 

or 

t ~ 0 and t = 4,00 s 

C b ) At / = 4 s: 

x 4 = 8 + 16(4) 2 --t(4) 4 =136 m 

tfl 

II 

x, = 8 + 16(5) 2 -i{5) 4 =95.5 m 
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PROBLEM 11.14 

lt is known that from t = 2 s to / =10 s the acceleration of a partióle is inversely proportional to the cube 
of the time t, When í = 2 s, v = -15 m/s, and when / = 10 s, v = 0.36 m/s. Knowing that the partióle is twice 
as far from the origin when t~ 2 s as it is when / = 1 0 s, determine (a) the position of the partióle 
when t = 2 $> and when / = 10 s, (b) the total distance traveled by the partióle from t = 2 s to t = 10 s. 
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PROBLEM 11.14 (Continued) 


At t = 2 s: 


/ = 1 0 s: 


64 

x , =2 + — + 1.2 

2 2 

64 

jc = 10 + —— + 1.2 
10 10 


or x 2 = 35.2 m A 
or X| 0 = 17.60 m *4 


Note: A second solution exists for the case x 2 > 0, x,,, < 0. For this case, C = “22— m 


and 

(b) When v = 0: 
At t = 8 s: 


.,11 , 13 

x, = 11 — m, x in = -5 — ni 
2 15 10 15 


64 


: 0 or t~ 8 s 


x s = 8 + — +1.2 = 17.2 m 


Now observe that 2 s£K8 s: v<0 

8 s</^10 s: v>0 


V 


Then 


í 7K 

|x 8 — jc 2 | = |1 7.2 — 35.2| — 1 8 m 
x I0 - x 8 = 17.6 -17.2 = 0.4 m 


US) 


Total distance traveled = (18 + 0.4) m = 1 8.40 m 

Note: The total distance traveled is the same for both cases. 
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PROBLEM 11.15 

The acceleration of a particle is deílned by the relation a - —k/x. It has been experimental ly determined that 
v-15ft/s when and that v~9ft/s when x = 1.2ft. Determine (a) the velocity of the particle 

when x ~ 1 .5 ft, ( b ) the position of the particle at which its velocity is zero. 



PR OPRIETA H Y MATERIAL. © 2009 The McGraw-Hill Compames, Inc. A.U rights rescrved. No parí of this Manual may be displayed, 
reproduced or distributed in any fonn or by any means, wiíhout the prior written permission of the publisher, or used beyond the limited 
distribution to (eachers and educators permitied by McGraw-Hill for their individual course prepararon. Ifyou are a sludenl using this Manual, 
yon are using it wiíhout permission. 


21 





PROBLEM 11.16 

A partióle starting from rest at x = 1 ft is accelerated so that its velocity doubles in magnitude between 
x-2ñ and * = 8 ft, Knowing that the acceleraíion of the particle is deíined by the relation a = k[x- (A!x)\ 
determine the valúes of the constan ts A and k if the particle has a velocity of 29 ft/s when x = 16 ft. 
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PROBLEM 11.17 

A partióle oscillates between the points x~40 mm and jc-160mm with an acceleratíon « = ¿(100 - x), 
where a and x are expressed in mm/s" and mm, respectively, and k is a constant. The velocity of the partióle 
ivS 1 8 mm/s when x - 1 00 mm and is zero at both x = 40 mm and jc — 160 mm. Determine (a) the valué of k, 
(b) the velocity when x = 120 mm. 


SOLUTION 

(a) We have 

When x - 40 mm, v = 0: 

or 

or 

When x — 1 00 mm, v = 1 8 mm/s: 

or 

( b ) When x = 120 mm: 
or 


v— - a - A' (1 00 - x) 
dx 


i i* kQ00-x)dx 

Jo J40 


iv 2 =/c 

2 


100A---X 2 

2 


40 


V 2 =k( 


2 

(18) ¿ =k 


IOOjc — -jc 2 —3200 
2 


1 <^>\2 


100(1 00) -i(100) 2 -3200 


~v 2 = 0.09 
2 


1 00(1 20) -i(120) 2 -3200 


k = 0.0900 s" 2 ◄ 
= 144 

v = +16.97 mm/s 4 
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PROBLEM 11.18 

A partióle starts from rest at the origin and is given an acceleration a — k/( x + 4) 2 , where a and x are expressed 
in mm/s 2 and m, respecíively, and k is a constante Knowing that the velocíty of the partióle is 4 m/s when 
x = B m, determine (a) the valué of k y ( b ) the position of the partióle when v~4.5 m/s, (c) the máximum 
velocity of the partióle. 


SOLUTION 

(a) We have 

When x - 0, v = 0: 

or 

When x ~ 8 m, v ~ 4 m/s: 

or 

(b) When v = 4.5 m/s: 

or 

(c) Note that when v = v m , XK , a = 0. 
Now a —> 0 as x <*> so that 


dv 

k 

v — — Q — 


dx 

(x + 4? 

r v c x 

k 

í vdv = 1 - 

. dx 

Jo Jo (x + 4) 

1 2 ,\ 
— v =-k\ 

i n 

2 

U + 4 4) 

i 

ii 

C4 

5 

r 1 M 

2 ' 

v 8 + 4 4j 


— (4.5) 2 =-48 
2 



P 

4, 



= 48 


Iti — 1 




or 


¿ = 48 m 3 /s 2 ◄ 


x = 21.6 m A 


v max = 4-90 m/s A 
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PROBLEM 11.19 


A piece of eleclronic equipment that is surrounded by packing 
material is dropped so that it hits the ground with a speed of 
4 m/s. After impact the equipment exper iences an acedera tion 
of a — - kx , where k is a constant and x is the compression of 
the packing material. If the packing material experiences a 
máximum compression of 20 nim, determine the máximum 
acceleratíon of the equipment. 
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PROBLEM 11.20 

Based on experimental observations, the acceleratioo of a partióle is defined by the relation a = -(0.1 + sin x/b\ 
where a and jc are expressed in m/s 2 and meters, respectively. Knowing that 6-0.8 m and that v = 1 m/s 
when x = 0, determine (a) the velocity of the partióle when jc --Í m, (b) the position where the velocity is 
máximum, (c) the máximum velocity. 



PROPRIETARY MATERIAL . (O 2009 The McGraw-Hill Companies, Inc. AH rights reser ved. No parí of this Manual may be displayed, 
reproduced or di sí r ihuted in any form or by atiy mearts, without the prior written permission of the publisher, or used beyond the limited 
distribuí ion lo teachers and educators pernnttedby Me Gra w-Hil Ifor their individual course prepara! ion. ífyou are a student using this Manual 
you are using ii mthout permission . 


26 





PROBLEM 11.21 


Starting from x = 0 with no initial velocity, a particle is given an acceleration a = 0.8Vv 2 + 49, where a and 
v are expressed in m/s 2 and m/s, respectively. Determine (a) the position of the particle when v = 24 m/s, 
(b) the speed of the particle when x = 40 m. 
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PROBLEM 11.22 


The acceleratíon of a partióle is defined by the relation a = —k\j\>, where k is a constant. Knowing that x = 0 
and v = 81 m/s at / - 0 and that v - 36 m/s when x = 18 m, determine (a) the velocity of the particle when 
x = 20 m, (b) the time required for the particle to come to rest. 


SOLUTION 




(a) 

We have 

dv 

v—~a~ 

dx 

-k\fv 



so that 

dv — 

•*" kdx 



When x = 0, v = 8 1 m/s: 

Vv dv- 

— kdx 



or 

= 

~~kx 



or 

|[v 3/2 -729] = 

— loe 



When x ~ 18 m, v ~36 m/s: 

|(36 3/2 -729) = 

-*(18) 



or 

k = 

9 V m/s 2 



Final iy 





When jc ~ 20 m: 

|(v 3/2 -729) = 

-19(20) 



or 

v 3/2 = 

159 

v = 29.3 m/s 4 

(b) 

We have 

dv 

di 

-\9f 



At / - 0, v ~ 8 1 m/s: 

r * 

f-19 dt 



JsiVv 

Jo 



or 

2[Vv]g, = 

-19/ 



or 

2(Vv — 9) = 

-19/ 



When v~0: 

2(~9) = 

-19/ 



or 



t = 0.947 s ◄ 
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PROBLEM 11.23 

The acceieration of a particle is defined by the relation a = -0.8v, where a is expressed in in./s 2 and v in in./s. 
Knowing that at t - 0 the velocity is 40 in./s, determine (a) the distance the particle will travel before coming 
to rest, ( b ) the time required for the particle to come to rest, (c) the time required for the particle to be reduced 
by 50 percent of its initial valué. 
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PROBLEM 11.24 

A bowling bal! is dropped from a boat so that it strikes the 
surface of a lake with a speed of 25 ft/s. Assuming the ball 
experiences a downward acceleration of wheti 

in the water, determine the velocity of the ball when it strikes 
the bottom of the lake. 


SOLUTION 


Where 


Since v 0 > c 9 write 


Integrating, 


v 0 - 25 ft/s, X"*x 0 -30ft 
(7 = 10-0.9 v 2 -k(c 2 -v 2 ) 

k - 0.9 fT 1 and c 2 =~ = 1 1.1 1 1 ft 2 /s 2 
0.9 

c — 3.3333 ft/s 



= -k(v 2 -c 2 ) 



— kdx 



— -kix-Xú) 


1» ' 2 C 2 =-2 k(x-x tí ) 

v 0 -c 

ZX. = e -2*(v-A») 

2 ,2 


:C 2 + 




-2*(x-v 0 ) 


= 11.111 + [(25) 2 -11.111] e"! 2 * 0 - 9 »*)) 
= 11.11 1 + 3.89xI0 -19 =11.111 ft 2 /s 2 


v = 3.33 ft/s ◄ 


PROPRIETARY MATERIAL . O 2009 The McGraw-Hili Compan íes, ínc. Aíí ríghts reserved. No parí of this Manual may be displayed, 
reproduced or distribu ted in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. Ifyou are a student using this Manual, 
you are using it without permission. 


30 





PROBLEM 11.25 


The acceleration of a particíe is defined by the relation a - 0.4(1 -kv), where k is a constant. Knowing that 
at í — 0 the partióle starts from rest at x = 4 m and that when / = 1 5 s, v = 4 m/s, determine (a) the constant k, 
(b) the position of the particíe when v = 6 m/s, (c) the máximum velocity of the particíe. 
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PROBLEM 11.25 (Continued) 


(c) The máximum velocity occurs when a = 0. 

a = 0: 0.4(1 -£v max ) = 0 


1 


or 


or 


0.145 703 


An alternative solution is to begin with Eq. (1). 

ln(l - kv) = -OAkt 


Then 

Thus, v ina)i is attained as i — *■ 00 


v = i(l-r 0 ' 4fa ) 

k 


V rnax= 6 - 86m/s < 


as above. 
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PROBLEM 11.26 

A partid e is piojected to the right from the position x ~ 0 with an initial vclocity of 9 m/s. tf the acceleration 
of the particle is defuied by the relation a == -4).6v 3/2 , where a and v are expressed in m/s 2 and m/s, 
respectively, determine (a) the distance the particle wiii have traveled when its velocity is 4 m/s, (b) the time 
when y = 1 m/s, (c) the time required for the particle to travei 6 m. 


SOLUTION 




(a) We have 


v~ = a = - 0 . 6 v 3/2 

dx 


When x ~ 0 , v = 9 m/s; 


J[ v- (m) dv - | - 0 ,6dx 


or 


2[v m % = - 0 . 6 x 


or 


^ = _L ( 3 „ v '/ 2 ) 

0.3 

( 1 ) 

When v — 4 m/s: 


jc = — í— (3-4 ,/2 ) 

0.3 


or 



A' = 3.33 m ◄ 

(b) We have 


¿/y n 3/2 

dt 


When f = 0 , y = 9 m/s: 


j V 3 / 2 W= Jl-o. 6 ^ 


or 


- 2 [v^ 5 — 0 . 6 í 


or 


— 7 ==- — t. — 0.3/ 

V^ 3 


When v ~ 1 m/s: 


1 1 „ 0 

- 7 - — = 0.3í 

Ví 3 


or 



t = 2.22 s ◄ 

(c) We have 


-U-- = 0.3; 

Vv 3 


or 

n — 

f 3 f _ 9 


v — 

U + 0.9/J (1 + 0.9 /) 2 


Now 

clx 

9 


dt 

' (1 + 0.9 ;) 2 
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PROBLEM 11.26 (Continued) 


At t - 0, x = 0: 


or 


M 


I=9 ü 

0 . 


(1 + 0.9ty 


-dt 


-10 1 


1 

9 1 + 0.9/ 
1 

1 + 0.9/ 


9/ 


When x = 6 m: 


or 


1 + 0.9/ 
9/ 

1 + 0.9/ 


An altemative solution is to begin with Eq. (1). 


Then 

Now 

At / = 0, x = 0: 

or 


x = — (3-v'“) 
0.3 

* = v.<3-0.3 x? 
dt 


Í x dx _ j* 
' (3 - 0.3x) 2 ~ Jo 


dt 


1 1 


0.3 3-0.3x 


9 -0.9x 


/ = 1.667 s ◄ 


Which leads to the same equation as above. 


PROPRIETARY MATERIAL. © 2009 Tile McGraw-Hill Companies, Inc. All rights reserved. No parí of this Manual may be displayed. 
reproduced or distríbuted iti any fono or by any meaos, without the prior writlen permission of the pubtisher, or used beyond the limited 
distribution to teachers and educators permiUed by McGraw-Hill for their individual course preparation. lfyou are a student using this Manual, 
yon are using it without permission. 


34 




PROBLEM 11.27 



Based on observations, the speed of a jogger can be approximated by the 
relation v = 7.5(1 — 0.04x)°' 3 , where v and x are expressed in mi/h and miles, 
respectively. Knowing that x-0 at t~0, determine (a) the dístance the 
jogger has run when / = 1 h, (b) the jogger’s acceleration in ft/s 2 at t = 0, 
(c) the time required for the jogger to run 6 mi. 


SOLUTiON 

(a) We have 

At / = 0, x = 0: 


or 

or 

or 

At / — 1 h: 
or 

(b) We have 


At / -O, x-0: 

or 

(c) FromEq. (1) 
When x ~ 6 mi: 


or 


— 7.5(1 - 0.04x)°' 3 

dt 

p dx f' , 

•[> 0 ~ 0.04x)° 3 " í> ' / 

1 — (1 — 0.04a:) 0 ‘ 7 = 0.2 \t 

x = — — [l -(1 — 0.2 lf) l/0 ' 7 ] 

0.04 1 

x = — - — {i - r i - o.2 i(i)] i/0-7 } 

0.04 ' 


d\> 

a~v — • 
dx 

= 7.5(1 - 0.04 x) 03 —[7.5(1 -0.04.x) 03 ] 
dx 

= 7.5 2 (1 - 0.04.í)°- 3 [(0.3)(-0.04)(I - 0.04x)" 0 - 7 ] 
= -0.675(1 - 0.04x)“°' 4 


...-> 5280 ft 

3 0 =-0.675 mi/lr x— — : — x 


1 mi V3600 s 


/ = - 


1 


0.21 

1 


[1 -(1 - 0.04x) ] 


/ = 021 0 04(6)1 
: 0.83229 h 


,0.7 


) 


O) 


x = 7.I5 mi ◄ 


a 0 =-275x1 0" 6 ft/s 2 ◄ 


t = 49.9 min ◄ 
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PROBLEM 11.30 

The acceleration due to gravity of a partióle falling toward the earth 
is a = -gR 2 /r 2 , where r is the distance from the center of the earth to 
the partióle, R is the radius of the earth, and g is the acceleration due to 
gravity at the surface of the earth. If R = 3960 mi, calcúlate the escape 
velocity, that is, the mínimum velocity with which a particle must be 
projected vertically upward from the surface of the earth if it is not to 
return to the earth. [Hint: v = 0 for 


SOLUTION 


We have 
Wheii 


Then 


or 


or 


or 




r ~ R, v = v e 
r~ oo, v = 0 



dr 




v e =sf2 ~gR 


2x32.2 ft/s 2 x3960 mix 


5280 ft V /2 
1 mi ) 


v e =36.7x1 0 3 ñ/s ◄ 
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PROBLEM 11.31 

The velocity of a partióle is v- v 0 [l- sin (xt/T)]. Knowing that the partióle starts from the origin with an 
initial velocity v 0 , determine (a) its position and its acceleration at t = 3T, (b) its average velocity during the 
interval t = 0to/-7\ 
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PROBLEM 11.31 (Continued) 


At t = T : 

' T ( tiT\ T~ 
r + -cos — -- 

71 \ l J 7t 

(r 2T ) 

“T-vJ 

= 0.363v 0 r 


Now 

_x r -x 0 0.363v o r~0 

Vave ~ At _ T- 0 


or 


v avc = 0.363v 0 ◄ 
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PROBLEWI 11.32 


The velocity of a siider is defmed by the relation v = v'sin (ú) fJ t + <p) t Denoting the velociíy and the position 
of the siider at í = 0 by v 0 and x 0 , respectively, and knowing that the máximum displacement of the siider 
is 2x 0 , show that (a) v' — ^+XQti%}j2x 0 tí) n> (b) the máximum valué of the velocity occurs when 
x = x 0 [3-(v 0 /x 0 O)„) 2 ]/2. 
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PROBLEM 11.33 

A motorist enters a freeway at 45 km/h and accelerates 
uniformly to 99 km/h. From the odometer in the car, the 
motorist knows that she traveied 0.2 km while accelerating. 
Determine {a) the acceleration of the car, ( h ) the time 
required to reach 99 km/h. 


SOLUTION 



(a) Acceleration of the car. 

V , 2 = v 2 + 2a{x x -x 0 ) 



i! 

to 

¿ ^ 


Data: 

v 0 = 45 km/h — 1 2.5 m/s 
v, = 99 km/h = 27.5 m/s 



*o = 0 

x¡ = 0.2 km = 200 ni 



_ (27. 5) 2 ~(12.5) 2 
(2)(200 - 0) 

a = 1 .500 m/s 2 ◄ 

(b) Time to reach 99 km/h. 

v, =v 0 +a(/,-/ 0 ) 



v, — v 0 

*1 -'(>=- — - 

a 



_ 27.5-12.5 

1.500 



= 10.00 s 

t [ - 1 0 = 1 0.00 s ^ 
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PROBLEM 11.34 

A truck travels 220 m in 10 s while being decelerated at a 
constant late of 0.6 m/s 2 . Determine (a) its ¡nítial velocity, 
(6) its final velocity, (c) the distance traveled during the 
first 1 .5 s. 


SOLUTION 


1 2 

(a) Initial velocitv. x - + —at 


X ~~ x 0 1 

v° - t 2 at 


= 22 ° *( 0.6)(10) 

10 2 

v () =25.9 m/s -4 

(b) Final velocity. v = v 0 + at 


v = 25.0 + (-0.6)00) 

Vy = 19.00 m/s -4 

fe) Distance traveled during first 1.5 s. 


1 2 

x~ x 0 +v Q t +—at 

= 0 + (25.0)(1 -5) + i (-0.6)(1 -5) 2 

* = 36.8m ◄ 
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30 ni i/h 


PROBLEM 11.35 


Assuming a uniform acceleratíon of 1 1 ft/s 2 and knowing 
that the speed of a car as it passes A is 30 mi/h ? determine 
(a) the time required for the car to reach B , ( b ) the speed of 
the car as it passes B, 
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89.6 ft 


PROBLEM 11.36 

A group of students launches a model rocket in the vertical direction. Based on tracking 
data, they determine that the altitude of the rocket was 89.6 ft at the end of the powered 
portion of the fiight and that the rocket landed 16 s later. Knowing that the descent 
parachute failed to deploy so that the rocket fe 11 freely to the ground after reaching its 
máximum altitude and assuming that g = 32.2 ft/s 2 , determine (a) the speed v t of the 
rocket at the end of powered fiight, (tí) the máximum altitude reached by the rocket. 


SOLUTION 



h 






(a) We have 

^ ^land > 

Then 

or 

(tí) We have 
At 
Then 
or 


y = yi + Vl t+L at 2 

y = o 

0 = 89.6 ft + v,(16s) 

+ -—(-32.2 ft/s 2 )(16s) 2 

v, = 2.52 ft/s A 

v 2 =v 2 + 2 a(y~y\) 

y=y mm > v = 0 

0 = (252 ft/s) 2 + 2(-32.2 ft/s 2 )^ - 89.6) ft 

7max = 1076 ft ◄ 


PROPRIETARY MATERIAL . O 2009 The McGraw-Hill Com pañíes, Inc. All rights reserved. No parí of this Manual may be disphiyed, 
reproduced or disírikuted in any form or by any means, without the prior written permission of the publisher, or used beyond the limite d 
distribuí ion to íeachers and educators permitted by McGraw-Hill for their individual course prepara! ion. Jfyou are a siudent using this Manual, 
you are usittg it without permission. 


47 






PROBLEM 11.37 

A sprinter in a 100-m race accelerates uniformly for the fírst 35 m and then runs 
with constant velocity. If the sprinter’ s time for the fírst 35 m in 5.4 s, determine 
(a) his acceleration, (6) his final velocity, (c) his time for the race. 
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PROBLEM 11.38 

A small package ís released firom rest at A and 
moves along the skate wheel conveyor ABCD . 
The package has a uniform acceleration of 
4.8 m/s 2 as it moves down sections AB and CD y 
and its veiocity ís constan t between B and C. If 
the veiocity of the package at D is 7.2 m/s, 
determine (a) the distance d between C and D , 
( b ) the time required for the package to reach D , 


SOLUTION 



(a) For 

A- ) B 


and 

C-»D 


we have 


v 2 = Vq + 2út(jC“X 0 ) 

Then, 



at B 


v\ c = 0 + 2(4.8 m/s 2 )(3 - 0) m 



= 28.8 m 2 /s 2 (v BC = 5.3666 m/s) 

and at D 


V l - V BC + 2 a CD ( x d ~ x c) d = X d ~ x c 

or 


(7.2 m/s) 2 =(28.8 m 2 /s 2 ) + 2(4.8 m/s 2 )d 

or 


d = 2.40 m ◄ 

0 b ) For 

A->B 


and 

C-> D, 


we have 


v = v 0 + at 

Then 

A—>B 

5.3666 m/s = 0 + (4.8 m/s 2 )t AB 

or 


t AB =1.1 1804 s 

and 

0 — ^ D 

7.2 m/s = 5.3666 m/s + (4.8 m/ s 2 )t CD 

or 


t CD =0.38196 s 
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PROBLEM 11.38 (Continued) 


Now, 


for B -> C, 


we have 

X C= X B+ V Bchc 

or 

3 m = (5.3666 m/s )t liC 

or 

t BC = 0.55901 s 

Finally, 

t D = 1 ab + he + <cd = 0 - 1 1 804 + 0.5590 1 + 0.381 96) s 

or 
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PROBLEM 11.39 

A pólice ofllcer in a patrol car parked in a 70 km/h speed zone observes a passing automobile Iraveling at a 
slow, constant speed, Believing tliat the driver of the automobile might be intoxicated, the officer starts his 
car, accel erales uniformly to 90 km/h in 8 s, and, inaintaining a constant velocity of 90 km/h, overtakes the 
motorist 42 s after the automobile passed him. Knowing that 18 s elapsed before the officer began pursuing 
the motorist, determine (á) the distance the officer traveled before overtaking the motorist, (b) the motoristas 
speed. 
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ú: .v i.:>.9 mh 



PROBLEWI 11.40 

As relay runner A enters the 20-m-Iong exehange zone with a 
speed of 12.9 m/s, he begins lo slow down. He hands the baton to 
runner B 1.82 s later as they leave the exehange zone with the 
same velocity. Determine (a) the uniform aceeleration of each of 
the runners, ( b ) when runner B should begin to run. 


SOLUTION 


(«) 

For runner A: 

^=0 + (v^V + ^^/ 2 


At í = 1.82 s: 

20 m = (12.9 m/sXl -82 s) + ~a A (1 .82 s) 2 


or 

a A =-2.10 m/s 2 A 


Also 

V A=( V j)o+ a A t 


At / = 1.82s: 

( v a )\.&2 =02-9 m/s) + (-2.10 m/s 2 )(1.82 s) 



= 9.078 m/s 


For runner B: 

v b “ ® + ^ a n [ x ¿ ~ 0] 


When 

x B = 20 m, v B = v Á : (9.078 m/s) 2 + 2a n (20 m) 


or 

a tí = 2.0603 m/s 2 



a B = 2.06 m/s 2 4 

ib) 

For runner B; 

v b “ 0 + a B (t —t B ) 


wliere i B is the time at which he begins to run. 


At t — 1 .82 s ! 

9.078 m/s = (2.0603 m/s 2 )(l .82-r,)s 


or 

t B = -2.59 s 


Runner B should start to run 2.59 s before A reaches the exehange zone. 4 
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PROBLEM 11.41 (Continued) 


(b) Veiocities when 

t x -15.05 S 


Eq.(l): 

v A =35.2 + 1.8(15.05) 



v A = 62.29 ft/s 

v Á - 42.5 mi/h M 

Eq. (3): 

v B =52.8-1.2(15.05) 



v s = 34.74 ft/s 

v B -23.7 mi/h 4 
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PROBLEM 11.42 

In a boat race, boat A is leading boat B by 120 ft 
and both boats are traveling at a constant speed 
of 105 mi/h. At / = 0, the boats accelerate at 
constant rates. Knowing that when B passes A > 
/“8s and v A -135 mi/h, determine (a) the 
acceleration of A , (b) the acceleration oí B, 


SOLUTION 

(a) We have 

V A=( V a) 0 +í V 


At / = 8 s: 

(v A ) 0 =105 mi/h = 1 54 ft/s 

v A = 135 mi/h = 1 98 ft/s 


Then 

198 ft/s = 154 ft/s + a Á (8 s) 


or 


a A = 5.50 ft/s 2 ◄ 

(b) We have 

x A = (*A+( v A t + ^a/ (^) 0 =120ft 


and 

x H = 0 + (v B ) 0 / + -~a jB / 2 (Vjj)o =154 ft/s 


At / = 8s: 

X A = X B 


or 

120 ft + (1 54 ft/s)(8 s) +d-(5.50 fl/s 2 )(8s) 2 

= (154 ft/s)(8s) + ~o í (8 s) 2 

a H =9.25 ft/s 2 ◄ 
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PROBLEM 11.43 

Boxes are placed on a chute at uniform intervals of time t R and 
slide down the chute with uniform acceleration. Knowing that as 
any box B is released, the preceding box A has already slid 6 m 
and that 1 s later they are 10 m apart, determine (a) the valué 
of i R , (b) the acceleration of the boxes. 
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PROBLEM 11.44 


Two automobiles A and B are approaching 
each otlier in adj acent highway lañes. At 
i - 0, A and B are 1 km apart, their speeds 
are v Á -108 km/h and v B -63 km/h, and 
they are at Points P and Q, respectively. 
Knowing that A passes Poínt Q 40 s after B 
was there and that B passes Point P 42 s 
after A was there, determine (a) the 
uniform accelerations of A and B , (b) when 
the vehicles pass each other, (c) the speed 
of B at that time. 


SOLUTION 



(a) 

We have 

i -> 

x A - 0 + (v A ) o t + ~a /l r (v A ) 0 =108 km/h = 30 m/s 



& 

o 

11 

-k* 

< 

1 000 m = (30 m/s)(40 s) Pa A (40 s) 2 



or 

a A =- 

-0.250 m/s 2 ◄ 


Also, 

1 1 

x B ~0 + (v B ) 0 í+~a B í (i' B ) 0 = 63 km/h = 17.5 m/s 



At / — 42 s ! 

1 000 m = (1 7.5 m/s)(42 s) + ~a H (42 s) 2 



or 

a B =0.30045 m/s 2 a B = 

0.300 m/s 2 ◄ 

(b) 

When the cars pass each other 




x A + x B — 1 000 m 



Then 

(30 m/s )t AB +“(-0.250 m/s)t AB +(17.5 m/s )t Afí 




+ 2(0.30045 m/s 2 )í* B = 1000 m 



or 

0.05045/ 2 * + 95/ 2 B - 2000 = 0 



Solving 

t = 20.822 s and t = ~1 904 s 




t > 0 / 

AB “ 20*8 S M 
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PROBLEM 11.45 



Car A is parked aiong the northbound 
lañe of a highway, and car B is travelíng 
in the soiithbound lañe at a constant 
speed of 60 mi/h. At / = 0, A starls and 
accelerates at a constant rate a A> while 
at t “ 5 s, B begins to slow down with a 
constant deceleration of magnitude a ¿16. 
Knowing that when the cars pass each 
other x - 294 ft and v A =v B , determine 
(a) the acceleration a A , ( b ) when the 
vehicles pass each other, (c) the distance d 
between the vehicles at t - 0. 


SOLUTION 

j 

For / > 0: 

V A = 0 + a¿t 


X A = 0 + 0 + — íl/ 2 

0á/<5 s; 

x B — 0 + (v B )„ t (v/. ) 0 = 60 mi/h = 88 ft/s 

> 

ií 

U* 

V¡ 

x B = (88 ft/s)(5 s) = 440 ft 

For 5 s: 

v b ~ ( v /i )o + a B (* ~~ s ) ü b ” Ü A 

1 i 

X B “ i. X B Xs + ( V B Ut — s) + ¿ T ) 

Assume t> 5 s when the cars pass each other. 

At that time {i AB \ 


V A = V B ■ 

a A t ÁB ”(88 fl/s) * (t AB 5) 

x Á = 294 ft: 

294 ft 
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Then 

PROBLEM 11.45 (Continued) 

a A{i í ák ~f) _ 88 


c 

£ 

l a A 294 

2 “A‘AB 

-343/^+245 = 0 


Solving 

t AB = 0.795 s and t AB = 7.00 s 


(a) With t AH > 5 s. 

294 ft = ^(7.00 s) 2 


or 


a A = 12.00 ft/s 2 ◄ 

( b ) From above 


{ AB ~ ^.00 S ^ 

Note: An acceptabie solution cannot be foimd if it is assumed that t AB ^ 5 s. 


(c) We have 

d = x + (x lf ), M 


or 

= 294 ft + [440 ft + (88 ft/s)(7.00 s) s 

] í } ^ 

+ x 12.00 ft/s 2 (7.00 s) 2 s 2 

2 v 6 J 

d = 906 ft ◄ 
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PROBLEM 11.46 



Two blocks A and B are placed on an incline as shown. At 
/ = 0, A is projected up the incline with an initial velocity 
of 27 fl/s and B is released from rest The blocks pass each 
other 1 s later, and B reaches the bottom of the incline 
when r-3.4s, Knowing that the máximum distance from 
the bottom of the incline reached by block A is 21 ft and 
that the accelerations of A and B (due to gravity and 
friction) are constant and are directed down the incline, 
determine (á) the accelerations of A and B , ( b ) the distance d> 
( c ) the speed of,4 when the blocks pass each other* 
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PROBLEM 11.46 (Continued) 


(b) At t = 3.4 s ? x# - d : 

d = 1(3.4700 ft/s 2 )(3.4s) 2 


or 


¿ = 20.1 ft ◄ 

(c) We have 

v a =tv A ) 0 +a A t 


At t~ \ s: 

v A = 27 ft/s + (-17.3571 ft/s)(l s) 


or 


v A =9.64 ft/s ◄ 
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PROBLEM 11.47 



Slider block A moves to the left with a constant veiocity of 6 m/s. 
Determine (a) the veiocity of block B , ( b ) the veiocity of portion D of 
the cable, (c) the relative veiocity of portion C of the cable with respect 
to portion D. 
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PROBLEM 11.48 

Block B starts from rest and moves downward with a constan! 
acceleration. Knowing that after slider block A has moved 400 inm its 
velocity is 4 m/s, determine (a) the accelerations of A and B, (b) the 
velocity and the change in position of B after 2 s. 
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PROBLEM 11.48 (Continued) 


We have 

v B =0 + a B t 

At / = 2 s: 

v¡> = (t 111/52 )( 2 s > 

or 


Also 

1 9 

yB ~ (y b) o + 0 + — a B t 

At í~ 2 s : 

ys -(-Víf)o = “fy m/s 2 j (2 s) 2 


or 


y D 
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(y«) 0 = 13.33 m i ◄ 
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PROBLEM 11.49 

The elevator shown in the figure moves downward with a constant 
velocity of 1 5 ft/s. Determine (<j) the velocity of the cable C, ( b ) the 
velocity of the counterweight W, ( c ) the relative velocity of the cable C 
with respect to the elevator, (d) the relative velocity of the 
counterweight W with respect to the elevator. 


SOLUTION 

Choose the positive direction downward. 
(a) Velocity of cable C. 


TM! 




y c + 2 y E - constant 


5c 


v c + 2 v e = 0 


i* 


Jfc- 


But, 


or 


v F = 1 5 ft/s 


v ( . = -2v e = —30 ft/s 


v c - 30.0 ft/s T ◄ 


(b) Velocity of counterweight W. 


y w + y E ~ constant 
v w + v E - 0 v w = Vg " -15 ft/s 

(c) Relative velocity of C with respect to E. 

v aE = v c “ v E = (“30 ft/s) -(+15 ft/s) = -45 ft/s 

(d) Relative velocity ofW with respect to E. 

v w/E ~ v w ~v F -(“15 ft/s) - (1 5 ft/s) = “30 ft/s 


v„, =15.00 ft/s t ◄ 


y aE = 45.0 ft/s t -4 


\ ím - 30.0 ft/s t ◄ 
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PROBLEM 11.50 

The elevator shown starts from rest and moves upward with a constant 
acceleration. If the couníerweight W moves through 30 ft in 5 s, determine 
(a) the aecelerations of the elevator and the cable C, ( b ) the velocity of the 
elevator after 5 


SOLUTION 


We choose Positive direction downward for motion of counterweight. 

! 2 

yw 

At / = 5 s, y w = 30 ft 

30 ft =1 % ( 5 s) 2 



a w = 2.4 ft/s 2 

(a) Aecelerations ofE and C. 

Since y w + y E - constant v w + v E - 0, and a iV + a E = 0 

Thus: a t - ~a w — -(2.4 ft/s 2 ), 

Aiso, y c +2 y E = constant, v c + 2v E - 0, and a c + 2 a E - 0 

Thus: a c = -2a E = -2(-2.4 fl/s 2 ) = +4.8 ft/s 2 , 

ib) V elocity of elevator after 5 s. 

V E = (v £ .)o + a rJ -0 + (-2.4 ft/s 2 )(5 s) = -12 ft/s 


a, (/ = 2.4 ft/s 2 i 


ñ s - 2.40 ft/s 2 T ◄ 

a c -4.80 ft/s 2 i ◄ 
(v e ) 5 = 12.00 ft/s t ◄ 
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PROBLEM 11.51 

Collar A starts from rest and moves upward wíth a constan! acceleration. Knowing 
that after 8 s the relative velocity of collar B with respect to collar A is 24 in./s, 
determine (a) the accelerations of A and B,{b) the velocity and the change in position 
of B after 6 s. 
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PROBLEM 11.51 (Continued) 


At t = 8 s: 

or 

and then 

or 

( b ) At t = 6 s: 
or 

Now 


At t = 6 s: 

or 


24 in./s~~— a^(8 s) 


= —~(—2 in./s 2 ) 


v B = (1 in./s 2 )(6 s) 


-(/b)o + 0 + ia B í 2 

^b“(J'b)o=^( 1 in./s 2 )(6 s) 2 


a A = 2 in./s 2 f 


a B = 1 in./s 2 T 
v B = 6 in./s 4 


yB-(ys)o=l 8in ’J' ^ 
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PROBLEM 11.52 

In the position shown, collar B moves downward with a velocity of 12 in./s. Determine 
(a) the velocity of collar A , (b) the velocity of portion C of the cable, (c) the relative 
velocity of portion C of the cable with respect to collar B> 



PROPR1ETAR Y MATERIAL . © 2009 The MeGraw-ÍHH Compan íes, Inc. All i'ights reserved. No parí of ihis Manual may be displayed, 
reproduced or distributed in any form or by any means, wiíhouí the prior wriíten permistión of (he publisher, or used beyond the limited 
distribution to teachers and educa tors permiUedby McGraw-liill for iheir individual course preparation. ífyou are a siudent using this Matinal, 
yon are using it without pernüssion. 


70 





PROBLEM 11.53 



Slider block B moves to the right with a constant 
velocity of 300 mm/s. Determine (a) the velocity 
of slider block A, (b) the velocity of portion C of 
the cable, (c) the velocity of portion D of the 
cable, (d) the relative velocity of portion C of the 
cable with respect to slider block A. 
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PROBLEM 11.53 (Continued) 

(C) 

From the diagram 

(x c -x A ) + (x f¡ -X A ) = constant 


Then 

v c~2vj + v o =0 


Substituting 

600 mrn/s - 2(200 rnm/s) + v D = 0 


or 

v^, = 200 mm/s <— 4 

(d) 

We have 

v cia =v c -v A 

= 600 mm/s - 200 mm/s 


or 

\ aA — 400 mm/s -» 4 
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PROBLEM 11.54 





i 



At the instant shown, slider block B is moving 
with a constant acceleration, and its speed is 
150 inm/s, Knowing that afíer slider block A 
has moved 240 mm to the right its velocity is 
60 mm/s, determine (a) the accelerations of A 
and B , (b) the acceleration of portion D of the 
cable, (c) the velocity and change tn pos i ti on of 
slider block B alter 4 s. 
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PROBLEM 11.55 

Block B moves downward wíth a constant velocity of 20 mm/s. 
At í = 0, block A is moving upward with a constant acceleration, 
and its velocity is 30 mm/s. Knowing that at t - 3 s slider block C 
has moved 57 mm to the right, determine (a) the velocity of slider 
block C at / = 0, (h) the accelerations of A and C, (c) the change in 
position of block A after 5 s. 
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PROBLEM 11.55 (Continued) 

Then, substituting into Eq. (2) 

(c) We ha ve 

3 a A + 4(0) + (6 mm/s 2 ) = 0 

a A ~- 2 mm/s 2 or a A ~2 mm/s 2 1 A 

y a =CeA+( v A'+-jV 2 

At / = 5 s; 

y a -(-E-f)o =(- 30 nim/s)(5 s) + ^(-2 mm/s 2 )(5 s) 2 

or 

- -175 mm 

y^-frA^ 751 ™^ * 
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PROBLEM 11.56 

Block B starts from rest, block A moves with a constant 
acceleration, and slider block C moves to the right with a 
constant acceleration of 75 mm/s 2 . Knowing that at t- 2 s the 
velocities of B and C are 480 mm/s downward and 280 mm/s to 
the right, respectively, determine (a) the accelerations of A and B, 
(j b ) the initial velocities of A and C, (c) the change in position of 
slider C after 3 s. 
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PROBLEM 11.56 (Continued) 


(b) 

We have 

v c = O c )o +«c' 



At í = 2 s; 

280 mm/s = (v c ) 0 + (75 mm/s)(2 s) 




v c =-130 mm/s or 

( v c)o ~ 130 mm/s A 


Then, substituting into Eq. (1) at t - 0 




3( v A ) 0 + 4(0) + (1 30 mm/s) = 0 




v A - -43.3 mni/s or 

( V/) ) 0 =43.3 mm/s t -4 

(c) 

We have 

i 7 

x c =( x ch+( v c\> t + ~ a c t 



At / = 3 s: 

x c -(x c )o =(530 mm/s)(3 s) + -i(75 mm/s 2 )(3 s) 2 



= -728 mm or 

x c ~(x c ) 0 = 728 mm A 
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PROBLEM 11.57 

Collar A starts from rest at t = 0 and moves downward with a constant 
acceleration of 7 in./s 2 . Collar B moves upward with a constant acceleration, 
and its initiai velocity is 8 in./s, Knowing that collar B moves through 20 in. 
betvveen t = 0 and t = 2 s, determine (a) the accelerations of collar 5 and 
block C, (6) the time at which the velocity of block C is zero, (c) the distance 
through which block C will have moved at that tíme. 
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PROBLEM 11.58 

Collars A and B start from resf and collar A moves upward with an 
acceleration of 3/ 2 in./s 2 , Knowing that collar B moves downward with a 
constan t acceleration and that its velocity is 8 in./s after moving 32 in., 
determine (á) the acceleration of block C, (/;) the distance through which 
block C will have moved after 3 s. 
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PROBLEM 11.59 

The system shown starts from rest, and each componen! moves with a constant 
acceleration. If the relative acceleration of block C with respect to collar B is 
60 mm/s 2 upward and the relative acceleration of block D with respect to block A 
is 110 mm/s 2 downward, determine (a) the velocíty of block C after 3 s, (b) the 
change in position of block D after 5 s. 


SOLUTION 





íáSS 






From the diagram 

Cable 1 : 2 y A + 2 y s + y c - constant 

2v a + 2v u + v c “ 0 
2 a A +2 a ñ + a c = 0 
(y D “ y A ) + (yo ~ y a ) = constant 


Then 

and 

Cable 2: 

Then 

and 


-V A - V¡t +2v d =0 


-a a ~a„+2a n = 0 


Given: At t = 0, v = 0; all accelerations constant; 

“ 60 mm/s 2 ?, a DjA =110 mm/s 2 i 

(a) We ha ve a aB = = -60 or a B = a c +60 

and a DIA = =110 or “110 

Substituting into Eqs. (2) and (4) 

Eq . (2) : 2(a f) - 1 1 0) + 2 (a c + 60) + ¿/ c = 0 

or 

Eq. (4): ~( ü d - 1 10) - + 60) + 2a D = 0 

or = “50 


3a c + = 1 00 


(1) 

( 2 ) 

(3) 

(4) 


(5) 


( 6 ) 
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PROBLEM 11.59 (Continued) 


Solving Eqs. (5) and (6) for 

a c and a D 



a c = 40 mm/s 2 



a n ™-“10 mm/s 2 


Now 

v c = 0 4- a c t 


At / = 3 s: 

v c = (40 mm/s 2 )(3 s) 


or 


v c = 1 20 mm/s i A 

(¿>) We ha ve 

yr> = (y¡)\ j + (0)^ y—a D t 2 


At t = 5 s: 

yD ~ (. V D )o = ~( - l° mm/s 2 )(5 s) 2 


or 


yo-(y/j)o =125 mmt ◄ 
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PROBLEM 11.60* 

The system shown starts from rest, and the length of the upper cord is adjusted so 
that A, B , and C are initially at the same leve!. Each component moves with a 
constant acceleration, and after 2 s the relative change in position of block C with 
respect to block A is 280 mm upward. Knowing that when the relative velocity of 
collar B with respect to block A is 80 mra/s downward, the displacements of A 
and B are 160 mm downward and 320 mm downward, respectively, determine 
(a) the accelerations of A and B if a# >10 mm/s 2 , (b) the change in position of 
block D when the velocity of block C is 600 mm/s upward. 
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PROBLEM 11.60* (Continued) 


(a) We have 


^=(^)ó+(0V+2^ 


Ve -CVcío + í 0 )** 




At / - 2 s, y c/yí - “280 mm: 


“280 mm=-(fl c -¿i yj )(2 s) 2 


a c - “ 1 40 


Substituting into Eq. (2) 


2a A 4- 2a fí 4- ( a A - 140) = 0 


a A = — (140-2a fl ) 


v« =0 + o B / 


V/j =0 + o¿/ 


v b//í ~ v b v /¡ ~( a fl ü a y 


When 


yp + (oy + ^ a B t 

\ WA — 80 mm/s i: 80 = (a fí - a A )t 


Using Eq, (7) 


Ay A - 1 60 mm i : 1 60 - — a A t 2 
Áy B = 320 mm i: 320 =— a s / 2 

160 =A(« a ~a A )t 2 

320 = (80)/ or / = 4s 
1 60 = \ a A (4) 2 or 


and 320 =—a B (4) 2 or 

Note that Eq. (6) is not used; thus, the problem is over-determined. 


a, =20 mm/s 2 i ^ 


a» = 40 mm/s 2 i ^ 
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PROBLEM 11.60* (Continued) 

Alternad ve soíution: 

We have 

v a ~ (0) + 2a A [y A - (y A ) 0 ] 


v B = (0) + 2a }i [y B — ( y B ) 0 ] 

Then 

V WA ” V B ” V A “ ^°B [y (y B )<) ] ~~ \l^ a A ^ A ““ (X/í )() ] 

When 

\ WA — 80 mm/s i: 


80 mm/s - \¡2 320 trun) - ^ ja A (1 60 mm) J 

or 

20 = ^ (72007 -7l007) (8) 

Solving Eqs. (6) and (8) yields a A and a /( . 

(b) Substituting into Eq. (5) 


a c =20- 140 = - ! 20 mm/s 2 

and into Eq. (4) 


~(20 mm/s 2 ) - (40 mm/s 2 ) + 2 a B - 0 

or 

a D ~ 30 mm/s 2 

Now 

v c = 0 + a c t 

When v c = 

-600 mm/s: - 600 mm/s ~ (—1 20 mm/s 2 )t 

or 

t = 5s 

Also 

y n - (->'/))« + (°V +^-«o t 2 

At t = 5 s: 

yo-{y D ) o = j( 30 «™/s 2 )(5 s) 2 

or 

yo-(y/))o=375mmi < 
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